Mosquito control programs at seven urban sites in Kenya, Egypt, Israel, Costa Rica, and Trinidad are described and compared. Site-specific urban and disease characteristics, organizational diagrams, and strengths, weaknesses, obstacles and threats (SWOT) analysis tools are used to provide a descriptive assessment of each mosquito control program, and provide a comparison of the factors affecting mosquito abatement. The information for SWOT analysis is collected from surveys, focus group discussions, and personal communication. SWOT analysis identified various issues affecting the efficiency and sustainability of mosquito control operations. The main outcome of our work was the description and comparison of mosquito control operations within the context of each study site's biological, social, political, management, and economic conditions. The issues identified in this study ranged from lack of inter-sector collaboration to operational issues of mosquito control efforts. A lack of sustainable funding for mosquito control was a common problem for most sites. Many unique problems were also identified, which included lack of mosquito surveillance, lack of law enforcement, and negative consequences of human behavior. Identifying common virtues and shortcomings of mosquito control operations is useful in identifying "best practices" for mosquito control operations, thus leading to better control of mosquito biting and mosquito-borne disease transmission.
Introduction
Mosquito life cycles and behaviors as well as mosquito-borne pathogen transmission have been the subject of intense research for the past 70 years, yet further study is still needed about the ecology of mosquito population dynamics and control in relation to land use and land change, specifically urbanization [1] [2] [3] [4] [5] . It is therefore necessary to assess the biological and nonbiological factors influencing mosquito control programs in urban areas to assure they are engaging in appropriate activities that lead to the control of pathogen transmission and a reduction in mosquito populations.
Various types of mosquito control programs operate in different countries. These vary from centralized to decentralized systems, disease system-specific to generalized vector control, government-maintained to community-based control, and specialized to generalized methods of control. Each mosquito control program operates within its own unique political, economic, social, and technological environment. Although, the definition and context of mosquito control programs varies among settings and disciplines, the definition of a mosquito control program used in this study is any program that conducts mosquito control as a tool for the prevention of vector-borne disease and/or for the reduction of nuisance-biting mosquito populations. This definition is based on the understanding that the presence of disease pathogen-transmitting mosquitoes can serve as a serious threat to public health and well being, and many mosquitoes species can cause moderate to severe annoyance and stress to inhabitants that are afflicted [6, 7] . This all-encompassing definition of mosquito control program provides a universal concept of the mosquito as a vector, pest or both. Furthermore, the definition of mosquito control activities used in this study is any activity such as killing of mosquito adult and larvae with chemical and biological insecticides, environmental management, mosquito control legislation and mosquito control education that results in reduced mosquito populations. This definition is used because specific mosquito control methods may be more appropriate for different vectors, environments, social settings, and economic conditions [8] [9] [10] .
Failures of mosquito control programs have been attributed to biological factors like insecticide resistance, as well as to non-biological factors like poor implementation of mosquito control strategies such as failure to translate national goals into district level activities [11] , failure to enlist trained entomologists into governmental mosquito control programs [12] , and a lack of understanding of social norms and a society's acceptance of mosquito control campaigns [13, 14] .
In urban areas, several mosquito control challenges exist. Biological challenges such as insecticide resistance and vector behavior are major obstacles in mosquito control [15] [16] [17] [18] . Moreover, mosquitoes may be adapting to new environmental conditions and pressures [3] , necessitating the need for new mosquito control approaches. Increases in human populations, the breakdown in municipal management, and increased pressure on resources in urban areas can have detrimental effects on a mosquito control program's operational efficacy, and mosquito-prevention public works activities occurring in urban and rural environments [1, 8] . Additional challenges of managing mosquito control programs include insufficient funding, weak health infrastructures, limited skilled human capacity, and poor quality private sector services. All of which play a major role in the success or failure of mosquito control operations [19] . The relative importance of these major challenges varies depending on the disease vector, socio-economic conditions of the area, management structure of the program, political will, and other site-specific issues. Despite the aforementioned problems, urban environments typically have better administrative and managerial organization, more elaborate town planning such as demarcations of residential, industrial and commercial zones, more access to municipal resources such as piped water and drainage networks, and more municipal services such as garbage collection and vector/pest control, relative to rural areas. These amenities may provide an opportunity to reduce the mosquito burden in an area, and consequently limit the risk of mosquito-borne disease [5, 20] .
The World Health Organization (WHO) has called for the acceptance of a global strategic framework for integrated vector management (IVM) [21] . This entails increased emphasis on using all appropriate methods of vector control and inclusion of stakeholders to achieve acceptable levels of disease suppression. Keeping within the spirit of the IVM strategy, we have assembled an interdisciplinary research group, the INTERVECTOR consortium, at the University of Miami in Florida, USA. The term INTERVECTOR is derived from two main themes: "INTER" refers to interdisciplinary, international, and inter-agency, while "VECTOR" refers to insects that transmit pathogens. This group consists of ministry of health officers and a multi-disciplinary group of researchers from: Kenya, Egypt, Israel, Costa Rica, Trinidad and the USA.
Through this international collaboration we have identified seven study sites to conduct the assessment described herein. In this paper we (i) describe and compare mosquito control programs at seven urban sites, (ii) describe and compare the management structure of each program and (iii) assess each program for its strengths, weaknesses, opportunities and threats using the SWOT analysis tool. This study is meant to provide a framework for looking at mosquito control programs in an interdisciplinary manner and bring awareness to the fact that the likelihood of success for a mosquito control program requires integration of information from socially-oriented research in addition to the biologically-based research [22] . The framework provided here does not include outcome factors such as measures of reduced disease and mosquito burden, which would be ideal for evaluating the effectiveness and efficiency in mosquito control activities; however, this study does outline some of the political, economic, social and technical issues facing mosquito control programs. Therefore the goal of this study was not to quantitatively evaluate the abilities of each mosquito control program to reduce pathogen transmission nor reduce mosquito densities. Rather, the goal of the study was to apply a process, often used in business and novel to mosquito control assessment, for the understanding of how mosquito control programs operate across different settings.
Methods

Study sites
The urban sites included in this study are: Malindi and Kisumu, in Kenya; Abu Seir (sublocation in Cairo) and Matar Imbaba (sub-location in Aswan), in Egypt; Herzliya (sub-location of Tel Aviv) in Israel; Puntarenas in Costa Rica; and St. Augustine in Trinidad. Features of the study sites and information on the relevant vector-borne diseases in each are provided in Tables  1 and 2. For example, Table 1 provides an urban profile for city dynamics, population pressure, access to municipal services, and social indicators. Table 2 provides a description of disease systems, and composition of vector species and ecology. These tables are meant to show the heterogeneity in the study sites and provide some level of context for mosquito control activities. These sites were selected because of the perceived risk of specific mosquito-borne disease(s) in these urban sites, and the long standing collaboration with researchers at those sites, who are also members of the INTERVECTOR consortium, and the University of Miami.
Questionnaires, interviews and SWOT analysis
Questionnaires, interviews, focus-group discussions, and personal communications were used to identify the strength, weaknesses, opportunities, and threats of each mosquito control program. Questionnaires were filled out with the help of government officers actively involved in the mosquito control operations to assess the mosquito control program organization, activities, and the urban characteristics for each study site. Interviews and focus group discussions were used to examine how mosquito control was being conducted in each study site, and to identify some of the challenges faced by each study site. These responses were than used for SWOT (Strengths, Weaknesses, Opportunities and Threats) analysis.
The SWOT analysis is a simple, but robust tool in that it structures information on an organization's internal factors (i.e. resources and capabilities of the organization), and external factors (i.e. circumstances in which it operates) [23] . Through SWOT analysis, organizations can identify their positive and negative attributes and build strategic plans that improve their strengths and minimize their weaknesses.
As a first step for SWOT analysis, the information from the questionnaires, interviews, focusgroup discussions, and personal communications were placed into four major macroenvironmental themes: 1) Political/Legal, 2) Economic, 3) Social, and 4) Technological. These four themes are conventional categories when doing SWOT analysis [24, 25] . For the purpose of this study, these themes were defined as follows: 1) Political/Legal: refers to the political will, bureaucracy, and laws influencing mosquito control operations; Economic: refers to the funding aspect of mosquito control operations; Social: refers to the social interactions and perceptions, and community involvement in mosquito control operations; and Technological: refers to all biological and technical aspects of mosquito control operations such as mosquito behavior and ecology, geographical environment and operations. The four themes are relevant to our sites as they capture the major factors (i.e. biological, social, economic and political factors) affecting mosquito control in each setting. By developing a framework that highlights these factors using standard and universally accepted themes, SWOT analysis can be comparable across different study sites [24] [25] [26] , although we recognize that the relative importance of the various SWOT variables may differ across countries as a function of cultural and political context.
As a second step for SWOT analysis, the information obtained was categorized as a strength, weakness, opportunity or threat for the program. Factors that are desirable practices in mosquito control operations, and are under the direct handling of the mosquito control program were considered strengths. Factors that are non-desirable practices in mosquito control operations and are under the direct handling of the mosquito control program were considered weaknesses. Factors that have the potential to benefit mosquito control operations, but are not under the direct handling of the mosquito control program were considered opportunities. Factors that have the potential to hinder mosquito control operations, but are not under the direct handling of the mosquito control program, were considered threats.
Ranking of decision-making factors
Ministry of health officers in each of our study sites were asked to grade the following factors: disease epidemiology, vector control resources (i.e. equipment and materials necessary to do specific control activities), financial resources (i.e. monies to fund control activities), technical expertise, manpower/labor, social/community considerations, business/commercial incentives, and government willingness as either major or minor factors, or not considered when making decisions regarding mosquito control. Ministry of Health officers were further asked to identify and rank the top 3 factors influencing mosquito control decision-making regarding mosquito control.
Comparison of mosquito control programs
A comparison of mosquito control programs was done to determine whether each mosquito control program had standard components of a mosquito control program, as suggested by Hatch et al. (1973) and Challet (1994) [27, 28] . Responses from questionnaires, interviews focus-group discussions and personal communications were used to determine whether each mosquito control program had the following components:
Legislation -laws which function to deter mosquito proliferation
Entomological Surveillance -monitoring of mosquito population
Epidemiological Surveillance -monitoring of mosquito-borne disease
4.
Environmental Management -utilization of environmentally-safe physical methods that modify or manipulate the environment to make it less conducive for mosquitoes to interact with man
5.
Biological Control -safe (to both the human and environment) utilization of biocontrol agents that kill adult or larval mosquitoes 6. Chemical Control -safe (to both the human and environment) utilization of chemical control agents that kill adult or larval mosquitoes 7. Public Education -implementation of campaigns that inform people on how mosquito-borne pathogens are transmitted and how they can be avoided 8. Activity Reports -routine records on mosquito control activities
9.
Training/Continuing Education -training and information on topics related to mosquito-borne disease and its control
10.
Inter-Sector Collaboration -joint mosquito and disease control ventures between government institutions, international organizations, non-governmental organizations (NGOs), and community stakeholders 11. Applied Local Research -continuous investigation of the biology and distribution of the local mosquito population and research into control methods that are appropriate for the local environment.
The responses were compiled and reported in matrix form. We did not verify the utilization of these components for mosquito control efforts, nor was it possible to verify objectivity of the responses through a record review. However, the people who were interviewed work closely with mosquito control activities, and provided us with a description of mosquito control operations based on their years of experience and knowledge.
Results
Organizational diagram
The mosquito control programs assessed had unique organizational approaches for the control of mosquitoes (Figure 1a-1f) . Aswan, Cairo and St. Augustine have centralized mosquito control programs, with a vertical organization of ministries down to the municipal level. Kisumu and Malindi, Kenya, Herzliya, and Puntarenas have decentralized mosquito control programs, with a horizontal organization of the municipality or other local institutions and the government ministries.
Based on the organizational diagrams, all study sites appear to have some sort of inter-sector collaboration or joint ventures with other institutions, with the exception of Kisumu. The diagram of the Puntarenas mosquito control program shows a number of partners formally involved in mosquito control suggesting a high level of inter-sector collaboration. Costa Rica has recently implemented a novel and more elaborate approach to mosquito control compared to their previous method of control that consisted of a centralized system of mosquito control, primarily for malaria prevention. The strategy that is currently being used in Costa Rica uses epidemiological stratification of the local site-specific situation to address the specific needs of the site. In Costa Rica, dengue is now being viewed as a societal problem that requires intersector collaboration from the national and local government organizations, the community and private stakeholders to reduce dengue transmission. Formal environmental health components, in the form of Ministries, units, divisions, and sanitation services were present in all organizational diagrams, with the exception of Puntarenas. However, environmental activities were included as part of the general work processes in Puntarenas. Involvement of other Ministries, governmental offices, academic institutions, community institutions and groups in mosquito control operations, varied in the different study sites. The organizational diagram for Malindi and Herzliya shows that the civil engineering departments were part of mosquito control operations. Participation of engineering in the other programs was not evident by the diagrams. The ministry of agriculture and ministry of water and irrigation were also involved in mosquito control efforts in Aswan and Cairo. All but two of the organization diagrams (Herzliya and Trinidad) revealed the presence of community participation in mosquito control operations. Community participation was typically at the final (bottom) level of mosquito control operations suggesting that decisions-making was done at the government level down to the community level. Community participation for mosquito control activities varied at different study sites. In Kisumu, community activities for mosquito control consist of education on mosquito control through the training of trainers (ToTs) program (educating community groups and have them educate the greater community) and distribution of insecticide-treated nets (ITNs). In Malindi, community activities for mosquito control consist of small-scale draining and filling of water bodies with mosquito larvae, income generation activities such as manufacturing of bed nets to be sold to hotels, and education of residents on mosquito control through the ToT program. In Egypt, activities are currently underway to develop a training of trainers (ToT) program. In Puntarenas, the Association of Community Networks participates in mosquito control activities by joining the education campaign for source reduction activities.
Ranking of decision-making factors
The seven study sites varied slightly in what managers considered as major and minor factors driving decision-making in mosquito control operations (Table 3) . In all study sites disease epidemiology, vector control resources, and government willingness were all considered as major factors in the decision making process of mosquito control operations. Financial resources were also a major factor in the decision making process in all sites except St. Augustine, Trinidad, where it was considered a minor factor. Business and/or commercial incentives were considered minor factors influencing mosquito control in Malindi and Herzliya, but in the other study locations they were not considered.
Of the top three factors considered when making decisions for mosquito control activities, disease epidemiology was the number one factor for all study sites. Five (Kisumu, Malindi, Abu Seir, Matar Imbaba, and Herzliya) of the seven study sites identified vector control resources as one of the top three factors considered when making decisions for mosquito control activities; making it the second most commonly mentioned factor. Vector control resources were ranked second in Kisumu, Malindi, and Herzliya and ranked third in Abu Seir and Mata Imbaba. Three (Abu Seir, Matar Imbaba, and St. Augustine) of the seven study sites identified government willingness as one of the top three factors considered when making decisions for mosquito control activities, with all three sites ranking it as the second most important factor.
SWOT Analysis
The results of the SWOT analysis are summarized in Table 4 . Though, the results for SWOT were similar at sites within Kenya and Egypt, there were differences reported. For example, in Malindi it was mentioned that competing activities from the national government causes redundancy in projects and undermines the efforts of the local government, while in Kisumu it was reported that funding was provided by several different Ministries to help support mosquito control efforts. Common to these seven mosquito control programs is the concern of funding for their mosquito control efforts. Generally, this was a threat for all mosquito control programs. In Trinidad however, this seemed to be less of a problem, since considerable funding was available for mosquito control efforts; it was also reported that the funding received for mosquito control was influenced by the political climate. Conversely, the Israeli government was increasing monies for mosquito control to combat West Nile Virus, which would benefit Herzliya. However, with increasing threat from other disease outbreaks such as SARS and avian flu, this funding may be limited. In Kenya, issues of corruption and an informal sector that does not pay taxes was reported as a major problem for mosquito control. Table 5 shows a cross comparison of techniques used to control mosquitoes in each study site. Herzliya and St. Augustine were the only study sites that reported the use of all techniques to control mosquitoes, which would suggest that these programs are robust in their mosquito control operations. The components listed in Table 5 are meant to serve as guidelines for mosquito control, and are not a standard method of organization [27, 28] . This is important because not all components may be appropriate or feasible for a mosquito control program to achieve success in reducing pathogen transmission or mosquito abundance. However, by having these components in place, it is likely that mosquito control activities will be enhanced. [19, [27] [28] [29] .
Cross comparison
Discussion
In this study we describe and compare mosquito control programs in urban areas identified as part of our INTERVECTOR projects. We outline the mosquito control organizational structure used in each urban area; provide a context of mosquito control in terms of disease heterogeneity; assign relative importance to decision making factors; and use SWOT analysis to identify strengths, weaknesses, opportunities and threats of the respective mosquito control programs.
As expected, the organizational structure of mosquito control programs varied between urban areas. The utilization of different organizational structures in mosquito control programs is influenced by a myriad of factors including, the biological disease systems, political will (or government willingness), economic development, social relationships, and cultural norms. The organizational structure showed the institutional participants in each mosquito control program, and where each entity is positioned in the grand scheme of mosquito control. For example, in the organizational diagrams of St. Augustine and Puntarenas, the University of the West Indies and the University of Costa Rica were included, suggesting that they are recognized as contributing members of mosquito control activities (Figure 1e and 1f) . Knowledge of the organizational structure of mosquito control programs and the participants involved in a mosquito control program may help to explain why various decisions are being or not being made for mosquito control. For example, the lack of participation of civil engineers in mosquito control programs would make it less likely that mosquito control activities related to engineering such as construction of functional drainage systems for the prevention of mosquito proliferation is occurring. Awareness of the organization structure of mosquito control programs and its participants may provide underlying reasons of how mosquito control operate in a country, and how it can potentially be improved upon through integration of other relevant Ministries, institutions, organizations or groups.
In Table 3 we provide a ranking of factors considered when making decisions regarding mosquito control activities. Understanding decision-making processes, and the relative importance assigned to factors that influence mosquito control programs, is important because decision-makers can make their decision based on intuition, empirical evidence, or on other considerations that include crises, current public opinion, political interests, or the concerns of organized interest groups [30] . The lack of evidence-based decision making can be a major obstacle to effective mosquito control. Decisions that are made without the consideration of the epidemiological and biological situation may lead to neutral outcomes such as no impact on disease transmission or no reduction in mosquito-vector populations. In Malindi, it was reported that entomological surveillance for their mosquito control program was not conducted (Table 4) ; this may suggest that factors other than entomological surveillance, are utilized to make decisions for mosquito control.
This study has the potential to inform decision-makers and guide mosquito control policy. Matching of Strengths, Weaknesses, Opportunities and Threats together may provide strategic approaches to managing mosquito control. In Malindi for example, mosquito control is considered a major public health priority because of the positive effects it has on the economy through tourism; this was viewed as an opportunity for mosquito control (Table 4) . Alternatively, Malindi lacks adequate funding to engage in good mosquito control; this was a weakness of mosquito control. By matching this opportunity with this weakness, Malindi should consider implementation of a tourist's tax devoted for mosquito control operations (Table 4) . To increase inter-sector collaboration, the Ministry of Tourism could be involved in mosquito control programs.
In Cairo and Aswan, SWOT analysis revealed the opportunity that the universities in Egypt have done elaborate studies related to mosquito biology and control; however, they are not included in the organization diagram of mosquito control organization (Table 4 ). In Egypt, it was suggested that mosquito control operations may not be based on scientific data and information about the target species (Table 4) . By incorporating results of scientific research from academic institutions, Ministries can inform the implementation of sound interventions that best affect the biological specificities of the targeted vector. The Egyptian government should consider involving Egyptian universities in a more active role in general mosquito control operations. This would allow the academic study of vectors to have practical implications, thus bridging a gap between research and field implementation of mosquito control.
The government officers involved in the mosquito control programs at different study sites reported that they do have many of the essential components for mosquito control as suggested by Hatch et al. (1973) and Challet (1991 Challet ( , 1994 (Table 5 ). However, they also reported having problems with pathogen transmission and the nuisance associated with biting mosquitoes in their environments. We speculate that though these government officers may report that they have the various components in place to control mosquito vectors, it is possible that these strategies are either 1) not being used efficiently, 2) not being properly integrated in a manner that leads to reduced pathogen transmission and nuisance-mosquito burden, or 3) insufficient to control mosquitoes and disease and require a different conceptual approach. What ever the case, we conclude that increased evaluation of the mosquito control programs is mandatory to identify the weaknesses and strengths of mosquito control programs to manage pathogen transmission and mosquito population.
Heavy emphasis on the study of the biology of mosquito-borne disease and development of novel control methods has overshadowed the study of management of mosquito control operations in developing countries. Barat et al (2006) reviewed four malaria control programs that were successful in reducing malaria burden [19] . The common success factors that were identified included, conducive country conditions, a targeted technical approach using a package of effective tools, data-driven decision-making, active leadership at all levels of government, involvement of communities, decentralized implementation and control of finances, skilled technical and managerial capacity at national and sub-national levels, handson technical and programmatic support from partner agencies, and sufficient and flexible financing [19] . These factors may be useful for the sites we studied, in particular data-driven decision making.
Understanding local variability in mosquito control programs is needed. However, mosquito control approaches applied in one study site may also be effective in another study site in some situations [31] . The importance of this is that each of our INTERVECTOR study sites could potentially adopt strategies that are used by other sites to address similar issues. For example, in Malindi managers of hotel businesses are being approached to support community-based mosquito control efforts. These managers are being persuaded to assist in these efforts because less vector-borne disease and less nuisance biting from mosquitoes could lead to increased benefit for their businesses. Each study site could essentially do the same by appealing to the dominant business in the area.
In a historical review of malaria control, Najera stated, "The definition not only of the control approaches but also of their conditions of applicability will become more precise as experiences are accumulated and adequately documented from different types of epidemiological situations." [31] . Therefore the need for interdisciplinary studies of mosquito control program using techniques such as SWOT analyses is important, not only for complementing biological, epidemiological and ecological studies, but also facilitating them.
Conclusion
In this study, using Site-specific urban and disease characteristics, organizational diagrams, and SWOT analysis tools, we describe and compare mosquito control programs at seven urban sites in Kenya, Egypt, Israel, Costa Rica, and Trinidad. Discovery that the organizational structure of each mosquito control program was heterogeneous at each study sites was not surprising, in that each mosquito control program is attempting to address different issues in regards to disease(s) and mosquitoes. Additionally, the varied geographical settings, socioeconomic character, and political and cultural contexts also can contribute to the heterogeneous organization of mosquito control programs. By comparatively looking at the organizational diagrams of different study sites, major and supporting entities of the programs were observed.
For example, Kisumu and Malindi seem to rely heavily on the community organization to assist in delivering mosquito and disease control to the broader community. Further, understanding the factors that influence mosquito control decision-making lend insight into how decision makers view mosquito control. In this study, several factors were ranked as major factors in decision-making for control such as vector control resources and government willingness; however, the number one major factor for all study sites in mosquito control decision-making was disease epidemiology. The fact that disease epidemiology was recognized as a key component in decision-making in mosquito control suggests that the evidence-based decisionmaking may be occurring at the study sites; however, the extent to which this is being done effectively and efficiently is not known. Proper use of evidence-based decision-making will reduce the decisions being made on external factors, which may have lower relevance for mosquito control.
Outlining and comparing some of the merits and deficiencies of mosquito control programs through analyses such as SWOT provides a framework to develop novel mosquito control programs that contain necessary features for effective and efficient mosquito control operations. Similarly, by matching various factors of successful mosquito control programs, better approaches to mosquito control can be developed. For example, in Malindi, by matching the mainstay industry of tourism with the threat of deficient funding for mosquito control, possibly a tourist tax may be imposed that would fund mosquito control operations. By developing a comprehensive understanding of the various factors involved in mosquito control, strategies can be developed that are not only sensitive to political, economic, social, and technical aspects of the urban environment, but also responsive to the burden caused by mosquitoes and mosquito-borne disease.
Several methods of mosquito control are in place in different countries for different reasons, and beyond biological rationale there is only intuitive reasoning for why various countries adopt the system of operations they do for mosquito control. By comparing mosquito control programs, as done in this study, common and unique themes can be identified and plans can be put in place to improve the operational efficacy and efficiency of mosquito control programs.
Figure -1a.
Organizational diagram for mosquito control operations in Kisumu, Kenya Organizational diagram for mosquito control operations in St. Augustine, Trinidad n classification was based on major economic activities, population, and definition of urban provided by municipal officers. urban extension town refers to small surrounding towns outside the main urban center of Cairo and Aswan. Table 4 Cross tabulation of SWOT analysis of all the current mosquito control programs Cross comparison of techniques used by each mosquito control program 
